The purpose of this study is to identify factors predictive of successful English language outcomes in adolescents who received a cochlear implant (CI) between 2 and 5 yrs of age.
INTRODUCTION
This study examines the long-term language outcomes of high school students who received a cochlear implant (CI) between 2 and 5 yrs of age and have Ͼ10 yrs of CI experience. The language of these teenagers was previously assessed in their preferred communication mode when they were in early elementary grades . At the ages of 8 and 9 yrs, over half of this sample scored within expectation relative to age-mates with normal hearing on expressive language measures such as utterance length, lexical diversity, and narrative structure and on verbal reasoning as measured by the Similarities subtest of the Wechsler Intelligence Scale for Children (WISC-III) (Wechsler 1991) . However, fewer than half of the sample achieved within 1SD of hearing age-mates on syntactic measures such as the Index of Productive Syntax (IPSyn) (Scarborough 1990) or the Test for Auditory Comprehension of Language-Revised (Carrow 1985) . Factors predictive of better language skill included higher performance intelligence quotients (PIQ) on the WISC-III, smaller family size, higher family socioeconomic status (SES), and female gender. After these predictors were statistically controlled, children with an early educational emphasis on auditory-oral communication exhibited significantly higher English language outcomes than those whose early education included sign communication. The current investigation examines language skills in 112 of these students in high school (CI-HS) to determine the extent to which the earlier results were maintained throughout the school years.
Language Development in CI Children
One consequence of hearing loss early in life is a slower rate of spoken language development relative to hearing children. CIs and the consequent improvement in auditory perception associated with their use result in an increase in the rate at which children with prelingual profound deafness acquire language, from less than half the normal rate in children using only hearing aids to between 60% and 100% of the normal rate for children using CIs, depending on the study quoted (Blamey 2003; Niparko et al. 2010) . Among children who use CIs, several factors contribute to language development rate. For example, younger age at implantation (younger than 24 mos) is associated with an increased language rate, even after equivalent durations of CI use (Nicholas & Geers 2007) . Early educational intervention also positively affects language development after cochlear implantation, especially when occurring at 1 and 2 yrs of age (Moog et al. 2010) .
A recent study summarized language results for 153 5-and 6-yr-olds from across North America who used a CI for more than a year and received early spoken language intervention (Geers et al. 2009 ). Over half of the CI children exhibited age-appropriate vocabulary scores by kindergarten. However, fewer children (29 to 47%) caught up with hearing age-mates in syntax, morphology, and other connected language skills, suggesting that some areas of language are more difficult for CI children to master than others. Assuming that the 5-and 6-yr-olds reported in this study started out with a language delay before receiving a CI, those who were on par with hearing age-mates progressed at a faster rate than age-equivalent hearing children to close the language gap by kindergarten. Presumably, the shorter the period of auditory deprivation, the smaller the language gap to overcome. In fact, for all language tests administered, kindergarteners who received a CI at younger ages (i.e., 1 and 2 yrs) obtained higher language scores than those implanted at older ages (3 and 4 yrs) relative to hearing age-mates (Geers et al. 2009 ).
This study addresses how the rate of language development changes over a long time period. Do children with CIs whose language is delayed at 8 and 9 yrs of age eventually close the gap with hearing age-mates? Does a slower than normal rate continue so that the gap relative to hearing age-mates widens as they grow older? This study examines language outcomes of a large sample of adolescents who received a CI in preschool. By comparing the extensive data collected from children using CIs during the early elementary grades with a complete battery of measures collected from these same students in high school, we document the extent to which their language kept pace with normal development and identify factors associated with successful language outcomes.
It was anticipated that the percentage of children achieving language scores commensurate with typically developing hearing age-mates would decrease between elementary grades and high school because of fundamental differences between early and later language learning (Nippold 1988) . Although the primary source of language stimulation in early years is spoken (and/or signed) communication, written communication has an additional impact on later language learning, and reading may play an important role in developing age-appropriate vocabulary and discourse skills in high school. Students with prelingual severe-profound sensorineural hearing loss (SNHL) typically exhibit substantial delays in reading throughout their academic years (Traxler 2000) . These delays may further impair acquisition of new language and vocabulary from print. In addition, typically developing children acquire facility with language from conversational interactions and incidental learning not fully accessible to children with CIs (Nevins & Chute 2009) .
Increased language delay also may be associated with differences in the types of language skills measured at primary and secondary grades. At young ages, language is concrete and literal, and language test items are designed to assess these skills. As cognitive skills develop, adolescents demonstrate increasing ability to appreciate figurative meanings and use abstract reasoning processes, and these skills become the focus of age-appropriate language assessment (Larson & McKinley 1995) . Adolescents are more aware of listeners' and readers' needs and adjust their spoken and written messages accordingly. These skills may be more difficult to acquire with a compromised auditory system in which speech perception is degraded, particularly in challenging listening conditions such as those occurring with softer intensities and in noisy backgrounds (Davidson et al. 2011 , this issue, pp. 19S-26S).
Communication Mode and Language in CI Users
The study participants were recruited to include approximately equal representation of Simultaneous Communication (SC) and Oral Communication (OC) early intervention approaches (Geers & Brenner 2003) . It has been argued that children whose families use SC before receiving a CI have a base from which to build language. Thus, young children using SC succeed in developing some language skills and understand key communication concepts when they begin learning spoken language after receiving a CI. Language levels achieved by young children after cochlear implantation are related to levels exhibited before obtaining a CI (Connor & Zwolan 2004) . When a child lacks language at 4 yrs of age, spoken language development, even with a CI, remains a slow process (Ambrose et al. 2009 ). During later years of CI use, children who use SC in school with support from sign language interpreters may benefit more from classroom discourse, given that they have access to multiple modes of communication (Marschark et al. 2007) . A recent study of mainstreamed children with CIs who used SC have been reported to score within 1SD of normalhearing age-mates on Concepts and Directions, a receptive subtest of the Clinical Evaluation of Language Fundamentals (CELF) (Semel-Mintz et al. 2003) . However, the same group's average score on an expressive subtest, Formulated Sentences, was below the average range relative to age-matched hearing peers (Spencer et al. 2003) .
On the other hand, some studies have shown that children who receive an early consistent emphasis on auditory and speech skill development without use of signs (OC) exhibit an advantage over SC users in spoken language development (Svirsky et al. 2000; Kirk et al. 2003) . A recent study of 118 children with moderate-profound hearing loss identified by 30 mos of age who used either hearing aids or CIs included 44 children exposed to sign language from a young age (Nittrouer 2010) . Signing had no effect on spoken language growth for children with early identified SNHL. However, signing children with late-identified SNHL exhibited a slower rate of language growth compared with late-identified, nonsigning children. Nittrouer (2010) suggests that the greater the risk for language delay, the more signing may interfere with English language growth. Results obtained from 181 students (including participants in the current investigation when they were 8 and 9 yrs old) found CI children whose educational program emphasized speech and auditory skill development during the first 5 yrs of CI use not only exhibited better English language than those in SC settings when they were assessed in a speech-only mode but also achieved higher language scores when both spoken and signed responses were considered together . The English language advantage for children with early OC educational emphasis was significant even after other contributing variables, including performance intelligence (PIQ), family SES, age at implant, parent participation in therapy, type of classroom, and amount of individual therapy, were controlled in the analysis.
This investigation reassessed communication mode in 112 of these students as adolescents. Following a group of students from elementary to high school is important because it is often unclear whether children who begin their language learning using a SC philosophy continue to use this modality in later years. Mode of communication may change multiple times in a child's life. It is possible for a child to start out using a signed GEERS AND SEDEY / EAR & HEARING, VOL. 32, NO. 1, 39S-48S 40S language as a primary modality for communication during the preschool years, using more and more voice as spoken language skills mature, finally reaching a point in the middle school years where sign is used only for receptive purposes during school lectures (Spencer & Tomblin 2006) . Thus, it is difficult to draw conclusions from cross-sectional studies on the impact of mode of communication and educational placement on the language development of children with CIs (Ambrose et al. 2009 ). Specifying the extent to which children use spoken language or sign language as they progress through the academic grades is beneficial in determining how the link between language modality and achievement interacts with other variables and sample characteristics (Marschark et al. 2007) .
Cognitive Skills Underlying Language Development
Individual differences in language skills with use of a CI also may be associated with "higher level" processing skills. Once the contributions of child, family, and speech perception characteristics are identified, additional sources of variance in language outcome may be explained by more central cognitive factors. Substantial information processing takes place beyond the auditory periphery for spoken language understanding to occur. Explanatory research studies, including our own previous work with this sample at ages of 8 to 9 yrs, have focused not only on what CI users hear but also on what they are able to do with the sensory information they receive. In particular, studies of working memory and speaking rate in children with CIs provide new insight into the basic elementary information processing skills that underlie speech and language performance (Pisoni & Geers 2000; Cleary et al. 2001; Pisoni & Cleary 2003) . Results of these studies suggest that working memory capacity (as measured by a digit span task) and verbal rehearsal speed (as measured by speaking rate) may both be unique sources of variability in language skills measured after cochlear implantation. The continued contribution of these underlying process measures to language skills in adolescence is examined in this investigation.
Aims of the Present Study
The aims of this follow-up investigation include (1) documenting English language skills of adolescents with Ͼ10 yrs of CI experience and determining the proportion exhibiting language skills commensurate with typically developing hearing age-mates, (2) comparing English language skills achieved in the high school years with those achieved by elementary school years, (3) identifying participant characteristics associated with language achievement levels; (4) estimating the influence of communication mode on English language outcomes, and (5) evaluating the contribution of cognitive processing skills, as measured by memory capacity and speaking rate, to English language outcomes.
MATERIALS AND METHODS

Participants
All participants and their families signed consent and assent forms approved by the Institutional Review Board of the University of Texas at Dallas. Characteristics of the 112 participants are described in detail at the beginning of this monograph , this issue, pp. 2S-12S, and are briefly summarized here). Participants were 8;0 (8 yrs, 0 mos) to 9;11 yrs old at the first language assessment (CI-E) and 15;0 to 18;6 yrs old at their second assessment (CI-HS). Grade placement of the CI-HS group ranged from 9th to 12th grades, with the majority of the participants enrolled in 10th and 11th grades. Fifty-three participants were boys and 59 were girls. Education level of the highest educated parent in their families averaged 16 yrs (SD ϭ 2.4) and family size averaged four persons (SD ϭ 1). WISC PIQ averaged 103 (SD ϭ 16). Aided sound-field detection thresholds were obtained from the CI-HS group using frequency-modulated tones at octave frequencies from 250 to 4000 Hz. The group average aided threshold across these five frequencies was 30 dB HL (SD ϭ 9.6). Children selected to participate in the study at the age of 8 or 9 yrs were reported to have no educationally significant diagnosed disabilities in addition to deafness.
Thirty of the CI-HS students (27%) reported using sign daily at school and/or at home. Fifty-two students (46%) sometimes used sign with deaf friends or others who sign. Thirty students (27%) reported that they seldom or never used signs. Within the context of this study, use of sign to enhance spoken communication was measured at both the CI-E and CI-HS test sessions. Procedures for calculating sign enhancement are described in detail at the beginning of this monograph (Geers et al. 2011, this issue, pp. 2S-12S) and are summarized here. Measures from two separate language samples collected under OC and SC conditions were used to estimate sign enhancement at the CI-E test session. Word-for-word transcriptions of speech (OC) and speech plus sign (SC) language samples were analyzed for each child and the following dependent variables were obtained: (1) mean number of words per utterance; (2) mean number of different words per minute; (3) IPSyn (Scarborough 1990 ) Noun Phrase Score; and (4) IPSyn Sentence Complexity Score. Ratios were calculated between the measures from the SC sample to those from the OC sample. Values Ͻ1.0 indicated greater lexical diversity and syntactic complexity in the SC sample.
The sign enhancement estimate for the CI-HS group was based on the standard score difference on the Peabody Picture Vocabulary Test (PPVT) (Dunn & Markwardt 1989) , Form A administered in OC and Form B administered in SC. Values greater than 0 indicate higher receptive vocabulary standard scores (SS) in the SC than in the OC test condition. This estimate of sign enhancement corresponded with the reports of frequency of SC use in high school. The mean PPVT (SC-OC) difference score for the 30 CI-HS students who reported daily SC was 8.9 SS points. The 52 adolescents reporting occasional SC exhibited a mean PPVT difference of 5 points, and 30 students reporting no SC had an average PPVT difference of 0.7 SS points.
Language Assessments
A battery of language and verbal reasoning tests was administered to the teenagers by examiners (speech-language pathologist, school psychologist, or teacher of the deaf) with proficiency in SC or OC. Sign language proficiency of each of the examiners was verified by an interpreter who has been signing for over 35 yrs. All language tests were administered in individual sessions in either the student's preferred communication mode or in SC (whether or not the student knew sign). Responses were counted regardless of whether the student GEERS AND SEDEY / EAR & HEARING, VOL. 32, NO. 1, 39S-48S 41S responded in speech or sign. Including sign along with speech even for orally educated students controlled for any advantages derived from iconicity of signed items. In addition, providing both speech and sign to all students who reported knowing sign language allowed us to obtain an optimal estimate of English language knowledge in these students. None of the students reported using American Sign Language (ASL) as their preferred communication mode and none of the tests assessed ASL skills. Therefore, all scores reflect English language ability but not necessarily spoken English exclusively.
Wechsler Intelligence Scale for Children-Verbal Scale (Wechsler 1991) • These subtests require both receptive and expressive language, as well as verbal reasoning skills. All items were presented on printed cards and administered in the student's preferred communication mode (SC or OC). Responses were accepted in the student's preferred mode and scored based on standardized criteria. Raw scores were converted to standard scores based on the age-appropriate typically developing normative sample (TD-NS) in which the mean was 10 and the SD was 3. Scores of 7 or higher were considered within the average range for the normative sample of hearing age-mates. The Verbal Intelligence Quotient (VIQ) is a composite of the three verbal subtests with a TD-NS mean of 100 (SD ϭ 15).
Information
• These questions tap knowledge acquired from experience and education, remote verbal memory, understanding, and associative thinking-e.g. "On what continent is Argentina?" While this subtest was administered to all 112 at the CI-HS session, it was only given to 91 participants at the CI-E session due to scheduling constraints.
Similarities
• These questions require abstract and concrete reasoning, logical thought processes, vocabulary knowledge, and associative thinking (e.g., "In what way are happiness and sadness alike?"). This subtest was administered to all 112 students at both the CI-E and CI-HS sessions.
Comprehension • These questions measure social judgment and common sense reasoning based on past experience. Items are often thought to measure practical intelligence (e.g., "Why do we put stamps on letters?"). This subtest was administered only to the CI-HS group.
Clinical Evaluation of Language Fundamentals4th Edition (Semel-Mintz et al. 2003)
• This global language measure contains both receptive and expressive language tasks that tap semantic, syntactic, and discourse skills. Responses were accepted in the student's preferred mode and scored based on standardized criteria. Raw scores were converted to standard scores based on an age-appropriate normative sample in which the mean was 10 and the SD was 3. Scores of 7 or higher were considered within the average range for the NS-TD. Scores on three of the subtests (Word Definitions, Understanding Spoken Paragraphs, and Sentence Assembly) were combined to form the Language Content Index with a NS-TD mean of 100 (SD ϭ 15).
Word Definitions • These items measure vocabulary knowledge, learning ability, and verbal information acquired from experience and education. Individual words (e.g., mustard) were presented in print and SC, and then the examiner used the word in a sentence (e.g., Mom asked, "Would you like mustard on your hot dog?"). Students responded by attempting to define the words.
Understanding Spoken Paragraphs • Three paragraphs designed for 15-to 21-yr-olds were read to the student by an examiner using SC. Each paragraph was followed by questions requiring comprehension and recall of factual details and the ability to make inferences from known information (e.g., "What is this announcement about?" or "How many screens do you think the new theater has?").
Sentence Assembly • Students were presented with groups of words printed on a page (e.g., the chair/ on/ the kitten/ is) that could be rearranged to form more than one grammatically correct sentence. The student was required to order the word groupings into two different sentences to receive credit for each item (e.g., Is the kitten on the chair? The kitten is on the chair.). This task measures the ability to assemble syntactic structures into grammatically and semantically meaningful sentences. Items were presented in print and the student responded by pointing to the word groupings in order while producing each sentence.
Semantic Relationships • Students were presented with a list of four printed words or phrases (e.g., a. house; b. button; c. spoon; d. plane) and were asked to pick the two correct answers to a question (e.g., A man is bigger than a _____). This subtest measures comprehension of comparatives; spatial, passive, and temporal relationships.
Peabody Picture Vocabulary Test (Dunn & Markwardt 1989)
• This is a wide-ranging individually administered test of receptive vocabulary in which the examiner provides a label and the student selects one of four pictures that best represents the label. Form IIIA was administered by presenting the stimulus words in OC only. Form IIIB was administered using SC. Two adults who were native signers were consulted to determine how the items should be signed in the SC administration. For words that were produced differently in ASL and an English-based sign system, both versions of the sign were presented. In cases where both adults indicated that there was no ASL sign for an item, the word was fingerspelled.
Expressive One-Word Picture Vocabulary Test (Gardner 2000)
• This is a wide-ranging individually administered test of expressive vocabulary in which the student labels pictures in his/her preferred communication mode.
Cognitive Measures
Unlike the tests described above that comprised the language battery, the following two cognitive measures were administered in a speech-only (OC) communication mode.
Memory Span • Digit span was used to estimate short-term information processing/storage capacity at both the CI-E and CI-HS sessions. Administration was according to the WISC-III (Wechsler 1991) test procedures. The forward digit span task requires the students to repeat a list of digits spoken in live voice by an experimenter at a rate of approximately one digit per second. Backward digit span requires the student to repeat the series of digits in reverse. The face of the clinician was visible to the student but SC was not used. The lists began with two digits and were increased in length on successful repetition until a student got two lists incorrect at a given length, at which point the testing was stopped. Performance on this task at the CI-E and CI-HS sessions is summarized in detail in another article in this monograph (Pisoni et al. 2011 , this issue, pp. 60S-74S). Principal components analysis was used to combine GEERS AND SEDEY / EAR & HEARING, VOL. 32, NO. 1, 39S-48S 42S the scores from the digit span task that loaded on a single factor: longest forward series correct, total forward spans correct (out of two possible at each length), total raw score (forward spans plus backward spans), and WISC scaled score (total raw score converted to scaled score based on the age-appropriate normative sample). Principal component loadings for scores obtained at the CI-E and CI-HS test sessions are summarized in Table 1 .
Verbal Rehearsal Speed • This variable was estimated by
the average duration of each student's production of the 12 seven-syllable McGarr sentences (McGarr 1983) . Sentence imitations were recorded and durations measured using procedures described in detail elsewhere in this monograph , this issue, pp. 27S-38S). Mean sentence duration at CI-E was 3295 msecs (SD ϭ 1195) and at CI-HS was 2035 msecs (SD ϭ 468). Table 2 summarizes the mean and SD of language test scores obtained by the CI-HS students with the percentage of CI-HS students scoring within or above 1SD of the normative samples of NS-TD. It is important to point out that in a normal distribution, 84% of the population is expected to achieve scores in this range.
RESULTS
Comparisons With Typically Developing Age-Mates
Wechsler Intelligence Scale for Children-VIQ (Wechsler 1991)
• Seventy-one percent of the teenagers obtained VIQs within or above 1SD of age-mates in the NS-TD sample (i.e., they obtained a VIQ Ն85). Subtest mean scaled scores were within 1SD of the NS-TD sample (mean ϭ 10; SD ϭ 3) on two of the three verbal subtests. The Comprehension subtest resulted in the poorest performance, with an average scaled score of 6.8, slightly more than 1SD below average.
The mean VIQ of 91.3 was almost 10 points below the expected mean of 100 for age-mates in the normative sample and was 11.8 points below the CI-HS participants' mean PIQ reported earlier in this monograph , this issue, pp. 2S-12S). Figure 1 compares each student's VIQ with their PIQ. A gap between VIQ and PIQ is characteristic of students with prelingual, profound SNHL because their nonverbal learning ability (PIQ) typically exceeds their verbal achieve- 
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ment (VIQ) (Geers & Moog 1989 ). However, 46% of these long-term CI users achieved a VIQ within 1SD (Ϯ15 IQ points) of their PIQ or greater, including 10 students who achieved a VIQ score that exceeded their PIQ by more than 15 points. Two of the verbal subtests of the WISC-III also were administered at the CI-E test session. Ninety-one of the students were administered the Information subtest at the age of 8 to 9 yrs, and all 112 were administered the Similarities subtest. Significant increases were observed for both scales over time. The mean Information scaled score increased from 6.7 (SD ϭ 3.9) at CI-E to 9.3 (SD ϭ 3.1) at CI-HS (F[1,90] ϭ 52.9, p Ͻ 0.0001) and the Similarities scaled score increased from 7.6 (SD ϭ 3.5) at CI-E to 9.4 (SD ϭ 3.2) at CI-HS (F[1,111] ϭ 38.9, p Ͻ 0.0001). These increases in scaled scores, expressed in relation to typically developing age-mates, indicate growth in verbal reasoning skills that exceeded expected change from elementary grades to high school (i.e., more than 1 year's growth in a year). The percentage of subjects scoring within expectation for age also increased over time. Similarities increased from 64 to 81% and Information increased from 49 to 86%.
Clinical Evaluation of Language Fundamentals4th Edition (Semel-Mintz et al. 2003)
• Sixty-eight percent of the sample achieved a Language Content Index within or above 1SD of NS-TD age-mates. The most challenging subtest was Understanding Spoken Paragraphs (mean scaled score ϭ 7.6) in which the examiner presented connected discourse and then asked questions requiring recalling factual information presented in the text and making inferences from the text. 1989) • The mean receptive vocabulary score on a standard OC administration of the PPVT Form A was 90.3, within 1SD of the NS-TD mean of 100 (SD ϭ 15). When the stimulus words were only spoken, 66% of the sample scored at or above the Ϫ1SD cutoff of 85. When Form B was administered in SC, with sign or fingerspelling accompanying each spoken item, the mean standard score was 93, and 71% of the sample scored within or above 1SD of the age-appropriate NS-TD group. A comparison of scores in the two modality conditions is summarized (in Geers et al. 2001, this issue, pp. 2S-12S) . For all further analyses reported here, the best score was used, whether it was obtained in the OC or SC modality.
Peabody Picture Vocabulary Test (Dunn & Markwardt
Expressive One-Word Picture Vocabulary Test (Gardner 2000)
• The mean expressive vocabulary standard score was 91.4 (within 1SD of NS-TD), and 74% of the sample scored within or above the average range for their age.
Predicting Language Outcomes
Principal components analysis was used to provide a summary score to represent language outcome. Then, this summary score was examined using hierarchical multiple linear regression analysis in which sets of selected predictors were entered in stages (Strube 2003) . Table 3 contains the intercorrelation matrix summarizing the relations among the language measures. All coefficients were significant at p Ͻ 0.001. The relatively high correlation coefficients obtained among the measures suggests that these language tests all tap similar skills. Because it is the commonality among these measures that is of interest, they were reduced to a single standardized score by creating a weighted linear combination of the original variables using principal components analysis. Aggregating multiple scales produces more reliable composites that increase the power of the statistical analysis. The language measures (followed by factor loadings) formed a single principal component (PC) and were combined into a single score: PPVT (0.94), EOWPVT (0.93), VIQ (0.92), and CELF (0.90). Together, these measures accounted for 85% of the variance in the language outcome PC score.
A similar procedure was used to derive a PC score for language measures from the CI-E test session. This score comprised early language measures with the following PC loadings: three measures were derived from the better of two language samples, whether OC or TC: number of different words/minute (0.93), number of words per utterance (0.90), and IPSyn (0.87). In addition, standard scores were included from the WISC Similarities (0.82) and TACL (0.84). Together, these measures accounted for 77% of the variance in the CI-E language factor.
Once the battery of CI-E and CI-HS language tests had been reduced to two PC scores, the next stage of the analysis examined the role of child and family characteristics, sign enhancement, verbal rehearsal speed, digit span, and early language ability in predicting language outcomes in high school. The contribution of these variables was examined in 
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stages, allowing the systematic identification of unique proportions of variance in language outcome associated with particular predictors. Two multiple regression analyses were conducted. The first analysis considered the contribution of early predictors (collected at the CI-E session) to language outcome in high school (Table 4 ). The second analysis considered how student characteristics at the CI-HS session were related to current CI-HS language outcome (Table 5) .
Predicting CI-HS Language From CI-E Sample Characteristics
This analysis allowed us to ask how characteristics of CI children in early elementary grades predicted their language level in high school. Table 4 details the multiple linear regression analyses used to predict the amount of variance in CI-HS language PC score associated with variables measured at CI-E. In the first step of the analysis, gender, duration of deafness before implantation, PIQ, family size, family SES, and the sign enhancement ratio obtained at the CI-E test session accounted for 25% of the variance in CI-HS language level. Significant independent predictors included duration of deafness before implantation, PIQ, and family SES. Children who received their CI shortly after birth (or shortly after onset of profound SNHL), those children with higher nonverbal intelligence, and those children from families with higher education and income levels demonstrated the best language outcomes in high school. The second step of the analysis added the cognitive predictors, digit span and sentence duration, accounting for 29% of additional variance in CI-HS language score. Only sentence duration, as measured by the average rate of producing seven-syllable sentences at the CI-E test session, predicted significant independent variance in language level achieved in high school. In a final step, with variance associated with all the preceding variables controlled, the language PC score obtained at the CI-E test session was examined and found to predict 17% of additional independent variance in the CI-HS language PC score. Language competence in elementary grades remains an important predictor of language skills in high school. Together, the predictor variables examined from the CI-E test session accounted for 71% of the variance in CI-HS language scores.
A number of early variables contributed significant variance to CI-HS language outcome in all three steps of the analysis. Children from higher SES families who received their CI at a young age (or shortly after onset of deafness) and those with the highest PIQs, shortest sentence durations, and best language performance in early elementary grades exhibited the best language outcomes in high school. Gender emerged as a significant predictor when sentence duration was added in step 2 of the analysis; girls did better than boys. Family size and
TABLE 4. Predicting CI-HS language scores from early (CI-E) measures
Step 1 Step 2 Step 3 
TABLE 5. Predicting CI-HS language scores from late (CI-HS) measures
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sign enhancement did not emerge as significant predictors until the influence of early language scores was entered in step 3. Table 5 details results of multiple linear regression analyses to identify current predictors of variance in the language score estimated at CI-HS. In this analysis, the predictor variables PIQ, family size, family SES, sign enhancement, aided threshold average, digit span, and sentence duration are based on measures made at the CI-HS test session. PIQ score was a significant independent predictor of HS language at step 1 and remained significant as more variables were added. In addition, students who received their CI at the youngest ages (or shortly after onset of profound deafness) and those whose vocabulary score was not improved with the addition of sign (i.e., smallest difference in PPVT scores at SC and OC administrations) demonstrated the highest language scores at CI-HS. Together with PIQ, these factors explained 34% of the variance in CI-HS language level. At step 2 of the analysis, digit span and sentence duration from the CI-HS test session predicted significant variance in CI-HS language outcome. Students who recalled longer digit sequences and those with shorter sentence durations scored the highest in language. These variables explained 15% of additional variance in CI-HS language score and combined with PIQ and sign enhancement to explain 50% of total variance. In the third step of the analysis, language PC score from the CI-E test session was a highly significant predictor, accounting for an additional 20% in the overall variance. This indicates that students who demonstrated more advanced language skills during their elementary years continue to demonstrate relatively higher language abilities when they get to high school. When all CI-HS predictors were combined, 70% of variance in CI-HS language score was predicted.
Predicting CI-HS Language From CI-HS Sample Characteristics
DISCUSSION
This large sample of teenagers who used a CI for more than 10 yrs provide an optimistic outlook on the language benefits of early implantation. Seventy-one percent of the teenagers obtained WISC-III VIQ scores within or above 1SD of agemates in the NS-TD sample. These students were, indeed, closing the gap between VIQ and PIQ that has characterized profoundly deaf students for generations. When high school scores on individual WISC-III verbal subtests were compared with scores obtained on the same subtests in early elementary grades, the students' skill development over time was even greater than would be expected of age-mates with normal hearing scoring at comparable levels at the initial evaluation. The percentage of CI subjects scoring within expectation for age increased from 64 to 81% on the Similarities subtest and from 49 to 86% on the Information subtest. Similar positive results were observed on the CELF where 68% of the CI-HS sample achieved a Language Content Index score within or above 1SD of the mean for NS-TD age-mates, on the PPVT where 71% of the sample achieved this level (66% in the OC administration), and on the EOWPVT where 74% of the sample achieved in the normal range. These observations represent a dramatic improvement over performance on the Test for Auditory Comprehension of Language-Revised in early elementary grades, where only 30% of the CI-E sample achieved language scores within or above a SD of typically developing age-mates . Still, the results of this study indicate that CI teenagers continue to perform closer to hearing age-mates on single-word vocabulary, isolated sentence comprehension, and factual information questions than they do on connected discourse and abstract reasoning tasks. This discrepancy may have an impact on their ultimate achievement at the secondary and college levels.
Factors from both early and late test sessions that contributed to successful CI-HS language outcomes include shorter duration of profound deafness before implantation (roughly corresponding to younger age at CI), higher nonverbal intelligence, and faster verbal rehearsal speed (reflected in shorter sentence durations). These results suggest that the advantage provided to children with the shortest period of auditory deprivation before receiving a CI (i.e., younger age at implant) is long lasting and continues to influence the level of language skill exhibited 10 to 15 yrs later. Moreover, its influence is independent of nonverbal IQ, family SES, and communication mode. This result provides strong support for implanting children at very young ages or as soon as possible after the onset of deafness. In addition, children with faster sentence repetition speeds at both the CI-E and CI-HS test sessions achieve better language outcomes by high school. The significant contribution of digit span scores at the CI-HS test session further supports the importance of speed and efficiency of phonological processing as explanatory constructs underlying the development of language throughout childhood (Pisoni et al. 2011, this issue, pp. 60S-74S) .
The contribution of sign enhancement to language outcome in high school differed based on the type of estimate entered into the model and the time at which the estimate was obtained. Sign enhancement was measured with the same test administered in both SC and OC modes to estimate the amount of benefit participants received from the addition of sign over results obtained using speech alone. The CI-E estimate was based on a comparison of language measures obtained from two language samples, one using only spoken language and the other using simultaneous speech and sign. Students with early sign enhancement exhibited higher CI-HS language scores after variance due to CI-E language was controlled. This means that signing children made greater language gains between the CI-E and CI-HS test sessions. This is not a surprising result, because in the previous investigation it was established that children enrolled in preschool programs with an emphasis on speech and auditory skill development (OC) exhibited better English language skills in elementary grades than those from programs that emphasized SC . Therefore, children with the greatest sign enhancement had more room for improvement between elementary grades and high school, and some of these children caught up in their use of language during the interval between CI-E and CI-HS testing. However, when the effects of sign enhancement were examined at the CI-HS session, the students who showed little or no benefit from SC on the PPVT tended to achieve higher language scores. Although sign enhancement was related to the students' use of sign in school, not all students who previously or currently used SC in their educational settings exhibited sign enhancement at the CI-HS test session. For some of these GEERS AND SEDEY / EAR & HEARING, VOL. 32, NO. 1, 39S-48S 46S students, comprehension of spoken vocabulary paralleled their understanding of words when signs were added. However, for those students who continued to rely on sign in their teenage years to demonstrate their maximum language ability, overall English language outcomes tended to be lower.
Participants volunteered for this study and although all who qualified were included, their use of a CI and their decision to apply for the study was not random. Therefore, we must consider the impact of sample selection bias on these results. One way we dealt with this problem was to include as many contributing background characteristics as possible in the multiple regression analyses (e.g., PIQ, family SES, gender, and duration of CI use). Even so, we can never be 100% certain that all possible sources of selection bias were controlled. Certainly, the current CI-HS sample does not represent the entire population of children receiving CIs.
The first source of bias may have occurred in the group of 184 8-and 9-yr-olds whose families chose to participate in the original study. These families were among the first in North America to seek out cochlear implantation when their children were very young and thus were highly motivated to participate in intervention. In addition, these families spoke only English at home, and children with additional significant disabilities were not included in the sample at the age of 8 to 9 yrs. Furthermore, the mean parental education and income level was higher than the average for the general American population.
Further selection bias may characterize the 112 students who returned for follow-up testing. These follow-up participants outperformed the 72 students who did not return for follow-up on some outcome measures at CI-E (Geers et al. 2011, this issue, pp. 2S-12S) . Although the current sample exhibits the expected distribution of average and belowaverage PIQ scores, along with similar socioeconomic characteristics to those children who did not return for follow-up testing, the CI-HS participants may be advantaged in some respects. It is possible, for example, that families who felt their children were performing reasonably well would be more likely to return for follow-up testing. Some of the families who declined to participate may have done so because their child was either no longer using the CI, or they did not achieve the level of outcomes with the device that the family had hoped. These sample selection factors may have resulted in an overestimate of language outcomes to be expected for adolescents with long-term use of CIs.
On the other hand, these results may underestimate the positive effects of early cochlear implantation on language achievement in current CI users. The CI-HS students who participated in this study received their device more than 10 yrs ago and did not have some of the advantages available to more recently implanted children. Advances in implant technology along with revised candidate selection guidelines that include children younger than 2 yrs and those with significant amounts of preimplant residual hearing have been associated with higher performance levels in more recently implanted children (Nicholas & Geers 2007 ). As the current population of CI children with these advantages reaches adolescence, even a higher percentage of students may exhibit age-appropriate language skills.
